Aminopropylsilsesquioxane oligomers (APS) encapsulated PB15:3 are formulated for in situ printing of cellulosic fabric and its blend. The encapsulation was developed by using various APS terminated groups; vinyl-sesquioxane (APSV) and methylsilsesquioxane (APSM) using the liquid-phase separation method. The characters of APSVencapsulated pigments were examined by using thermal gravimetric analysis (TGA),
Introduction
Pigment colorants have received much attention in different potential application; coating, printing and paint industries due to their excellent properties; photosensitivity, colour strength and transparency (1) . Pigment coatings for textiles in dyeing and printing
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have many advantages (2)., such as a simple and short product process, littlewastewater, and low production cost.Howeverthe obvious drawbacks as the poor dispersion ability, weather durability and the limited hiding powerare obviously the drawbacks for using organic pigments in manyapplications and conventional printing.Besides, the absence of their affinity for fibres necessitates the use of resinous binderto fix pigment particles on the fibre surface to acquire colourfastness (3, 4) .Pigment-based inks can be used to print most of fabric types, especially blend fabrics. They have many benefits with respect to dye-based inks such as simplicity of process, lower production costs, better productivity, improved color prediction, better water fastness and light fastness of the fabrics and reproducibility. Here too, the aforementioned problems as well as the coarse particles aggregates and clogging of head nozzles restrict their application (5-7).The pigment particles are easyto aggregate to form larger particles, due to the Van Der Waalsattractive forces, which represent a big disadvantage of pigments compared with dyes (8). Pigment agglomeration, thus significantly reduces the pigment efficiency, resulting in a lower quality. So, the feasible methods to overcome these drawbacks become the popular subject for study.Polymeric dispersantsduring the last years have proven good properties in stabilizing pigments in coating system (9, 10) . However, the limitation related to the use of low molecular dispersants which can desorbed from the surface of the pigments at elevated temperature. As well as, the polymeric dispersants are easily getting tangled together after storing for a long time; have to be solved to avoid the poor stability (3) . In recent years, more and morecopolymers have been synthesized and applied in pigment dispersions.Nano-scale organic pigments can be generated through ball milling or grinding pigments inthe presence of dispersing agent (11) . Numerous studies on thepreparation, stabilization, and characterization of aqueous, well-dispersed pigment nanoparticle systems have been reported (12). Encapsulation of pigments with various polymers is the most prominent emerging application to enhance the pigment processing and prevent pigment agglomerations.Encapsulating the primary pigment particles with a layer of binder polymer, creating polymer shellsthat ensure the pigment particles remain separated during filmformation. It must be noted that a successful encapsulation technique should not impair the original color appearance of pigments but enhance their dispersion. Many approaches of encapsulating organic pigments have been recently proposed, such as emulsion or miniemulsion polymerization, phase separation, layer-bylayerassembly, sol-gel and free radical precipitation polymerization. Moreover, some living materials such as macro-RAFT copolymer and polymerizable dispersant were also reported for pigment encapsulation (3, (13) (14) (15) . The encapsulation of organic pigment into UV-curable resins using miniemulsion technique has been also studied by Hakeim and his co-workers (15) (16) (17) . Liquid phase separation is a common encapsulation method for organic pigments and while often carried out in an aqueous medium. It wasachieved as follows: (1) the shell material was dissolved in solvent (A); (2) pigment powder, the core was well dispersed into the above solution; and (3) solvent (B), called a coacervation agent, which dissolves solvent (A) to partially desolvate but does not dissolve the shell material, is added to the dispersion.In this method, the pigment particles aregradually coated by partial desolvated molecular aggregates or the coacervates formed (14) . The ink manufacturers are regularly used copper phthalocyanine pigment colours which are the universally organic pigments in textile industry, because they are coloristically very strong, extremely lightfast and weatherable (3). Water-borne silsesquioxane oligomers act as primers for metals, additives for acrylic latex sealants and as coupling agents for siliceous surfaces.They offer both organic group and silanol functionality. These amphoteric materials are stable in water solutions and unlike conventional coupling agents, have very low Volatile organic compounds (VOCs).Aminopropylsilsesquioxane oligomer-vinyl-sesquioxane copolymer (APSV) and Aminopropylsilsesquioxanemethylsilsesquioxane (APSM) oligomers are high molecular weight amino functional silicones with reactive silanol and amino functional group. They can readily form a stable polymer network because of its high aqueous solubility in addition to the presence of amino group. It shows a very unique combination of properties, unmatched by other polymeric systems because they form a very important bridge between organic and inorganic polymer chemistry (18) .
The current study aimed to develop a multifunctional and enhanced pigment prints on the cotton fabrics and polyester/cotton blend by encapsulation of pigment into Aminopropylsilsesquioxane oligomers. In this approach, C.I. Pigment Blue 15:3 (PB15:3) is encapsulated via phase separation method into aminopropylsilsesquioxane oligomers, APSV and APSM using the liquid phase method.The assessment of encapsulation will be carried out using morphological observation, FT-IR and TGA and XPS. The influence of encapsulation as well as the functional hydroxyl and amino end groups of asminosilsesquioxane on the printing process of the printed fabrics will be determined.
The main other concern is to find whether the presence of vinyl terminated groups in APSV could provide a silicone formulations which are capable of being rapidly cured and crosslinked by UV and low thermal initiation to accelerate the driving force of the pigment printing process on cotton and polyester\cotton blend fabrics.
Experimental

Materials
Cotton and polyester/cotton50/50fabrics were supplied by Misr El Mahalla Co., Egypt. They were scoured by soaping with (2 g/l) nonionic detergent solution (Hocstapal CV from Clariant, Egypt) with a liquor ratio1:25, at 60•C, for 45 min, followed by washing, and air dried.C.I. Scheme2. Water-borne silsesquioxane oligomers.
Methods
Preparation of Nano-scale pigment dispersion
Nano-scale PB15:3 dispersions were prepared according to by mixing 20 g of pigment with 200 ml distilled water and 2 g of Sodium dodecyl sulphate (SDS).This mixture was vigorously stirred, with a magnetic stirrer for30 min. The resulting mixture was then ball milled using Pascall Engineering (LQFS, UK) with 3-mm glass balls with ball: pigment ratio 100:1 for 48 h. The ball milled dispersion was then ultrasonicated using ultrasonic processor Vibra-Cell VCX500for 30 min at 65% amplitude.
Encapsulation of PB15:3 into aminosilsesquioxane oligomers
The encapsulation of pigment was carried out on the basis of aminosilsesquioxane oligomers /pigment weight ratio, 1:4. APSV or APSM (0.5 g) were dissolved in 40 ml of water; 2 g of PB15:3 was added to the above solution under stirring. The mixture was dispersed at 10000 rpm for 20 min with an Ultra-Turrax IKA T18 Basic instrument (IKA Instruments, Ltd., Staufen, Germany). Ethanol (40 ml) was mixed with the mixture at the rate of 5 ml/min. The resulting dispersion was centrifuged to produce slurry. Finally, the slurry was filtered, washed three times with distilled water; it was then dried at 60•C to obtain APS-encapsulated pigment powder.
Alkaline Pre-treatment of Polyester Prior to pigment printing
The adhesion improvement of APS-encapsulated pigment to polyester/cotton is performed by an alkaline pre-treatment of polyester/cottonin water solution containing 5 g/L of KOH for 30 min at 90°C with a liquor ratio 1:25. Subsequently, the samples were rinsed twice in cold tape water and then dried at room temperature.
Pigment printing
The paste formulations for pigment printing of cellulosic fabrics and its blend were prepared by adding the synthetic thickener (PTP, 25 g/kg) stepwise to water with stirring then the desired amounts of binder (MTB); 100 g/kg for conventional organic pigment and (25,50 or 100) g/kg for APSV or APSM-encapsulated pigment was then added followed by addition of acid catalyst, 
Method for preparation of thermal and UV cured of APSV-encapsulated pigment film
APSV-encapsulated pigment powder, a water-soluble thermal or UV initiator (5 per cent on weight of APSV-encapsulated pigment) were mixed with 1 g/l Maripal, and then homogenized.
It was drawn on aluminium foil with abar coater of 50mm wet film thickness. The wet film was dried at reduced pressure in a vacuum oven at 608C for 3 h. The APSV-encapsulated pigmentthermal cured filmwasdried at RT, and finally cured at temperatures of 80 °C for 5 min in an automatic thermostatic oven. The UV cured filmwasair dried in a dark place at RT, and then UV irradiated.
Color strength
Spectral reflection measurements of the dyed fabrics were carried out using a recording filter spectrophotometer. The color intensity expressed as K/S values of the printed samples were determined by applying the Kubleka-Munk equationat λ max 580 nm for pigment blue color and 625 nm for pigment green:
Where R is the decimal fraction of the reflectance of the dyed substrate, R0 is the decimal fraction of the reflectance of the unprinted substrate, S is the scatteringcoefficient, and K is the absorption coefficient (19).
Fastness properties
Washing fastness tests were conducted according to the specified method, BS1006:C02 (20) Test 2 with a soap solution (5 g/l, liquor ratio = 50:1) for 45 min at 48-50•C. The light fastness test was carried out according to the standard methods for determination of colorfastness of textiles using carbon-arc lamp, continuous (21).
Method of ultracentrifuge sedimentation velocity runs
Ultracentrifuge sedimentation velocity run was done bydispersion of 0.25 g APSV-encapsulated pigmentfilm in 25 ml of acetone as a solvent for pigment. This run was carried out for 30 min at room temperature.This test was adopted to give a supporting evidencefor encapsulation of Pigment Blue 15:3.
Characterization
Morphologies of original and encapsulated pigment werecharacterized by Atomic force microscopy (MMAFM-2; Digital Instruments, USA).They are exposed for plasma etching (plasma cleaner) for 60s before AFM observation to increase the clarityof morphological view.
Transmission electron microscope (TEMJoel-JEM-1200, Japan) was also used for characterization of encapsulated pigment. One drop of pigment dispersion was diluted with distilled water and placed on 400-mesh carbon-coater copper grid, and dried in air. The particle size and droplet size as well as polydispersion index (PDI) were determined bylaser diffraction technique, DLS using ALV/CGS-3 goniometer with ALV/LSE-5003 auto correlator; ALV, Germany. Digital photographs were taken using digital camera (Sony DSC-V1).Thermogravimetric analyses (TGA) were performed using TGA 7 series (Perkin Elmar, 
Results and discussions
Pigment surface modification provides a way to impart new and diverse properties to pigment printing while saving time; energy and auxiliaries. This work is designed to be focused on developing multifunctional encapsulated phthalocyanin pigment blue onto
Aminopropylsilsesquioxane oligomer for in situ fabrication printing using thermal and UV curing.In practice, amino functional silicones are widely used in the textile industry for functionalization of cotton. Because of the interaction of amino groups with textile materials, amino functional siloxanes, the wall shell materials encapsulating the pigment are physically adsorbed onto fibre surfaces. This adsorption feature improves their durability during the washing process and the ionization of amino group provides strong attraction to the fabric.The crosslinking rate of a silicone polymer network formulation and its extent of reaction are important factors that determine its performance in a coating. The presence of vinyl terminated groups in APSV have been developed a silicone formulations which are capable of being rapidly cured by thermal or UV irradiation in an attempt to decrease the curing temperature and exploring the rate of crosslinking and its effect on the printing with encapsulated pigment. This could be accelerated the pigment fixation on the cellulosic fabrics and its blend, reduces the amount of the binder and eliminating the high temperature cure and the acid catalyst. This opens up possibilities to solve the problems of the high temperature process, energy waste, material cost and avoiding the risk of destroying substrates at a high temperature.
Morphology and size distribution of encapsulated pigment particles
The influence of encapsulating agents, aminosilsesquioxane oligomers on the dispersion stability is of practical importance because it has the ability to achieve a high degree of dispersion and provided excellent stability for color formulation in storage and no significant pigment sedimentation was occurred during storing. On the other hand, the APSM -encapsulated pigment blue was less uniformly dispersed with soft aggregation. On the contrary, the unencapsulated pigments showed pigment particle that are highly agglomerated in storage. This may be due to the characteristic feature of pigment which tend to coagulate or flocculate in storage due to the attractive pigment-pigment interaction. The results revealed that the encapsulation of pigment improves the pigment dispersion stability. The good stability arisen from the voluminous shells or intensified charges around pigment surface relied to the encapsulating agents, thus preventing flocculation and coagulation of the pigments.
In Fig. 2 , three AFM photographs show the surface microstructure of nano-sized PB15:3 ( Fig.   2(a) ), APSV encapsulated pigment dispersion (Fig. 2(b) ) and APSM encapsulated pigment dispersion (Fig. 2(c) The Topography AFM shows that, the morphologies of the encapsulated pigment obtained here are spherical, which somewhat different from the nano-sized pigment. As shown in Fig. 2b the height between the edge and interior part of the capsule are different and the presence of voids in the center of some encapsulated pigments. Here too, The AFM results were matched with shelf life stability in Fig. 1 .It can be seen that the particles of APSV-encapsulated pigment dispersion were uniformly dispersed with negligible aggregation compared with Nano-scale C.I. PB15:3 dispersions and APSM encapsulated pigment dispersion. Morphological observation original and encapsulated pigment particles were also investigated using TEM images in Fig. 3 . It can be seen that APSV-encapsulated pigment particles (Fig. 3(b) ) were dispersed in a core-shell structure with negligible agglomeration. It is also seen in Figs. 3(c) that, soft agglomerates, assemblies of APSM-encapsulated particles held together by weak interactions was observed. Generally speaking, APSV encapsulated pigment dispersion is electrically more stable than APSM encapsulated pigment dispersion. This may be due to that the molecular structure including the methyl groups in APSM may affect the colloidal stability of the latex and can also influence the morphology of encapsulated pigment produced, as in so-called core-shell particle.
This led to the formation of inhomogeneous hybrid composite particles. This induction period was eliminated when APSV was utilized. The particle size distribution (PSD) in Fig 4 clarifies the effect of molecular structure of aminosilsesquioxane oligomers on particle size. It is obvious that PSD of APSM encapsulated pigment dispersion is bi-modal and consists of a minor fraction in the size range (< 100 nm) and a major fraction in the size range (> 300 nm). It is worthwhile to notice here that a hard agglomeration and the broad particle size of APSM encapsulated pigment dispersion were indicated from the high polydispersity indexes (PDI) values (~0.5). The results revealed that APSV encapsulated pigment had a single modal distribution of particles (Fig.4 a) technique, and will thus show stronger confirmation of the smallest components in the size distribution, however DLS is intensity based technique, and this puts higher emphasis on the larger particle sizes.
Pigment printing
Pigment printing is one of the most common printing methods for many uses and for the easiest and simple method of application. They have no affinity for any fiber, used in a finely dispersed form and the film forming binders are used to fix these pigments to the surface through crosslinking reactions. The high molecular weight binders, based on acrylates, vinyl acetate, etc., are essential components for printing by thermal curing and are responsible for the harsh felling effect and lower crockfastness of the pigment prints. Moreover, the necessary high curing temperature, about 150•C is a common risk for destroying some of the fabrics which may be deteriorated and cannot tolerate under the high temperature. The pigment printing on cotton and polyester/cotton (PES/CO ) blend fabrics using APSV or APSM encapsulated pigments was compared with the pigment printing using the original color, to evaluate the difference of coloration performance of encapsulated and conventionally pigment color. The pastes for printing of cotton and its blend with encapsulated and original pigments were prepared by blending the pigment colors, with binder (25, 50 and 100 g/Kg) and the synthetic thickener at the same color ratio. The printed conventional or APSM encapsulated pigments were fixed at 150•C for 5 min. The prints of APSV-encapsulated pigment were subjected for drying at RT and finally cured at temperatures of 80 °C for 5 min in presence of thermal initiator or UV irradiated in presence of photoinitiator.
The presence of vinyl terminated groups in APSV has prompted us to explore the development of silicone formulations which are capable of being rapidly cured and crosslinked on the surface of the fabrics by thermal or UV irradiation. This could be used to overcome the drawbacks of the pigment printing process by lowering the high curing temperature and the amount of binder used.
Furthermore, the acid catalyst could be eliminated in this study without any side effect on cellulosic fabrics. The earlier alkaline pretreatment of (PES/CO) increase the adhesion of APSV to the surface of PES/CO, because of the absence of active group in polyester. The pretreatment in an alkaline solution containing 5 g/l KOH is permitted Table 1 K/S, washing and light fastness properties of original and APSV or APSM encapsulated pigments printed cotton and polyester/cotton fabrics .
Alt. is the alteration, Sc is the staining on cotton, Sw is the staining on wool.
APSM 25 , APSM 50 and APSM100, printing using 25, 50 and 100g /Kg of binder respectively APSV 25, APSV 50 and APSV100, printing using 25, 50 and 100g /Kg of binder respectively Th. is the printing with APSM-encapsulated pigment under the thermal initiation UV is the printing with APSV-encapsulated pigment under UV initiation aWashing fastness rating 1-5.
bLight fastness rating 1-8. Table 1 
Scheme3. Mechanism of photoinitator formulation
The photopolymerization of APSV-encapsulated pigment induced by UV-irradiation in presence of photoinitiator (Scheme 2) will increases the crosslinking of encapsulated pigment on the surface of the fabrics which in turn increases the color strength. Here too, a maximum radical concentration was reached with photoinitiator in presence of 25 g/Kg of binder without the need of acid catalyst, while higher concentrations of binder became less effective, due to radicalradical encounters which could give rise to various other secondary reactions. And presumably lead to the occurrence of lower level of effective cross linking between different polymer chains of APSV on the surfaces of fabrics; as a result, the colour strength will be decreased. Generally speaking, the result also reveals some variation between the different kinds of fabrics in the colour strength value acquired. This may be attributed to the variation between them in their weight and fibre physical properties. (7) than that in case of APSMencapsulated pigment prints (ranged, [5] [6] . This may be due to that the increase of the crystalinity which generated from the thermal or UV radicals' initiation could resist the photo phading of the colors on the surface of cellulosic fabrics. It is also observed that the overall encapsulated pigment exhibited a soft handle compared to the original ones has a harsh feeling. It could be concluded that APSV-encapsulated pigment can accelerate the pigment printing process at low fixation temperature and reduced the amount of binder as well as eliminating the acid catalyst.
For this in mind, the characterization of APSV-encapsulated pigment is the best of choice in the next studies.
Characterization of APSV-encapsulated pigment
In this context the UV-cured of APSV-encapsulated pigment film was subjected for characterization. Encapsulation of PB15:3 with APSV produces a core/shell structure and the impeded pigment should be successfully incorporated into the APSV shell. Otherwise, the unincorporated pigment would be either flocculated and sediment or adsorbed onto the surface of APSV as a result of the high hydrophobicity of the organic pigments. A film of APSVencapsulated pigment, UV irradiated was assessed by the ultracentrifuge sedimentation test and compared with original pigment. Acetone; a solvent of the core pigment, PB15:3 and nonsolvent of the APSV, was added to a film of encapsulated pigment or the original one and left to run in ultracentrifuge for 30 min. The supernatant after the ultracentrifugation was found to be colorless (Fig. 5b) ; while the unencapsulated pigment dissolved in acetone (Fig. 5a ). This proved that PB15:3was completely encapsulated into APSV, and not physically adsorbed to its surface. It is also found that the colors of the encapsulated pigments are not impaired by the APSM, which indicating the retain of color performance under the encapsulation process. Besides, the first weight loss of~ 20% in the encapsulated pigments was observed in the temperature range of 300-450•C that was attributed to the decomposition of APSV in the composite. It is worthy to mention that the onset temperature of thermal decomposition of PB15:3 after the removal of physically adsorbed water start at temperature of 450•C to ~650•C, which is the second weight loss ~80% in the themogram of encapsulated pigments. Therefore, it can be concluded that the pigments were successfully encapsulated onto APSV and consistent with the weight ratio of pigment to APSV, 4:1 as was cited in the experimental section. 
XPS characterization
The XRS spectrum was served for UV cured film of APSV-encapsulated pigment to confirm the effective encapsulation of pigment. Fig. 8 clearly proved the coverage of pigment with APSV shell.
The surface sensitive technique detects the elementary composition of APSV in the encapsulated pigment. The results showed a significant increase of silicone and nitrogen content about 13% and 1.5% respectively in the encapsulated pigment attributed to the APSV shell. Besides the appearance of the elemental oxygen compositions in the encapsulated pigment can be relied to hydroxyl groups in the APSV shell. The absence of elemental composition of copper in original pigment, may be due to the chelation of copper with the hydroxyl groups in APSV. This result gave a supporting evidence for encapsulation of PB15:3 onto APSV. 
